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Phylogenetic Studies of the Babblers (Family: Timaliidae) Using Cytochrome Oxidase 1 
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ABSTRACT 
Phylogenetic relationships of selected babbler species (Passerifomes: Timaliidae) were investigated using 
mitochondrial DNA (mtDNA) sequence data, the cytochrome oxidase I (COl). An approximately 650-700 base 
pair polymerase chain reaction product of the COl gene was amplified from mitochondrial DNA. Ten blood 
samples were obtained from two different places, namely lambusan (Bau) and Maludam National Park (Sri 
Aman). Phylogenetic tree inferred using Neighbor-joining (Nl) and Maximum Parsimony (MP) methods. 
Phlylogenetic tree shows that the babbler species evolved into two major clades. The first clade consisted of 
species from genus Macronolls and Stachyris and another clade formed by the species from genus Trichastoma. 
The advantage of using the COl as a specific genetic marker, we can differentiate two individuals within the 
same species. 
Key words: Babbler, cytochrome oxidase I (CO I), phylogenetic tree, variation and relationships. 
ABSTRAK 
Hubunganfilogenetik dalam spesis babbler (Passerifomes: Timaliidae) dikaji dengan menggunakan datajlljukan 
mitokondria DNA (mtDNA), sitokrom oksida I (COl). Sebanyak kira-kira 650-700 bp produk PCR telah 
diamplifikasikan daripada mitokondria DNA. Sepuluh sampel darah telah diperolehi dari dua tempat yang 
berbeza, iaitu lambusan (Bau) dan Taman Negara Maludam (Sri Aman). Pokok filogenetik telah dibina 
menggmrakan kaedah 'Neighbor-joining' (Nl) dan 'Maximum Parsimony' (MP). Pokok filogenetik bagi spesis 
terpilih babbler ini telah menunjukkan bahawa, ia berevolusi kepada dua kumpulan utama. Kumpulan pertama 
merangkllmi spes is dari genus Macronous dan Stachyris manakala kumpulan yang lain terbentuk daripada 
spesis dari genus Trichastoma. Kelebihan menggunakan COl sebagai petunjuk genetik spesijik telah 
menunjukkan perbezaan antara dua individu walaupun terdiri dari spesis yang sama. 




Systematic is the science of comparative biology with the main goal to construct the hierarchy, 
or phylogenetic relationships (Hennig, 1966). The study in molecular genetics was having 
revisonary impacts especially in the area of phylogenetic relationships (A vise, 1996). It is 
essential for us to understand the evolution of the molecular, morphological and behavioral 
differences of certain species through the well-corroborated phylogenies (Mindel et. al., 
1997). For this reason, this study was conducted by applying the similar molecular techniques 
from the previous studies on phylogenetic study of the avian species. The aim of this study is 
to construct a phylogenetic tree for the selected species of one of the avian families, 
Timali idae (the babblers) in order to understand the source of variation, evolution and 
relationships among the species in this family. 
Babblers are taxonomically classified under the Order Passeriformes under the Family 
Timaliidae (Smythies, 1981). This family comprises small to medium-large insectivorous 
birds, wh ich is widely distributed in tropical and subtropical areas, and easily recognized with 
their noise making odd sounds and chattering calls (Smythies, 1981). Generally, this group is 
found living on or close to the ground in thickets and on the ground in dense forest. Most of 
the babblers have short and rounded wings and this characteristic has made them poor flyers 
(Smythies, 1981). According to Cibois et. al. (1999), this family contains a large number of 
taxa (more than 200 species) that are primarily insectivorous forest birds and that present an 
enormous morphological and ecological diversity. With the great diversity within this family, 
it is not clear how one defines a babbler. The phylogenetic relationships of this Old World 
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insectivorous bird has long been a challenged to ornithologists, and the systematic of the 
Timaliidae have been particularly difficult. 
Accordi ng to Singer and Berg, (1991), mitochondria DNA (mtDNA) have been used as the 
material to uncover the ancient population histories, migration pattern and geographical 
homeland. Studies in evolutionary biology also utilize phylogenetic information obtained from 
the mitochondrial DNA (Zardoya and Meyer, 1996). This was due to mutations in mtDNA 
that tends to occur at the rate of ten times greater than of nuclear DNA. This has made the 
mtDNA suitable to study the short-term evolution. The advantage of mitochondrial DNA for 
phylogenetic analysis was its maternally inherited characteristic, meaning that it passed on to 
their progeny through the egg cytoplasm (Hoelzel and Dover, 1991), so that the ancestral 
background traced from the maternal origin. There are many molecular markers exist in the 
mitochondrial DNA which can be used for genotyping and the phylogenetic analysis. 
According to Nylander et. al. (1999), one of the common markers of the mtDNA used 
includes the cytochrome oxidase I (Cal). cal is a subunit of the cytochrome c oxidase 
complex gene and one of the specific regions in the mitochondrial DNA (mtDNA) (Figure I). 
Its amino acid sequences are highly conserved across phyla, making it easy to align sequences 
to one another and the substitutions are rare within species. In phylogenetic construction of 
deep evolutionary branches, the amino acid sequences are useful and to be an important thing 
to consider. In this study, the CO I was chosen as genetic markers for the babblers' species due 
to its abi lity of detecting a Httle variation that occurs in the gene (Trontelj et. aI., 2004). 
Moreover, they stated that cal sequences contain relatively high phylogenetic information 
and cal seems to be well suited to detect emerging diversification within major lineages. 
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Although many studies have been done using the mitochondria genome, but there are fewer 
studies on specifically focusing on this locally greater biodiversity species (babbler) together 
with COL The employ of molecular techniques will be the best complement to the 
classifications through morphological characteristics and this will strengthen the accuracy of 
the previous taxonomic findings. 
Figure 1. Gene map of the mitochondrial DNA and the location of COl (Source: Anon, 2005) 
This study investigates the phylogenetic relationships of babblers by analyzing approximately 
600-650 base pairs (bp) of the gene coding for the first subunit of the cytochrome c oxidase 
protein (CO1). CO I contained a significant amount of information to detect variation between 
species and from many previous research studies, mitochondrial DNA sequence data 





There were many cases of unclear phylogenetic relationships of taxa (Seutin and Bermingham, 

1997). It is important in resolving taxonomic classification to correct the phylogenetic 

relationships, especially for the Family Timaliidae. Previously, taxonomic classifications were 

based on morphological characteristics alone. The essential problem was that characters often 

not analyzed in an appropriate context (Seutin and Bermingham, 1997). Moreover, 

classifications based on morphological characteristics have provided inadequate or misleading 

guides to phylogenetic distinctions. More than that, through morphological classification, 

taxonomic groups have shown little evolutionary differentiation and lack of taxonomic 

recognition of phylogenetically distinct forms (A vise, 1989). This has resulted in many 

confusing groups because the babblers almost look similar morphologically and has made this 

group poorly defined. With the help of DNA studies and the use of CO I as the specific genetic 

marker the relationships and variation within the members in this family can be analyzed. 







The main objectives of this study are: 

1. 	 To construct a phylogenetic tree of the selected babblers' species. 
2. 	 To elucidate the extent of variation, evolution and relationship among the selected 




Although there were many studies on the avian phylogenetic relationships, our knowledge and 
understanding on this field still remains limited . According to Mindel et. al. (1997), there was 
few shared derived characters due to conserve and delineating basal groups, which are 
presence in the gene. The Timaliidae (babblers) was one of the avian families, which involved 
in a poorly defined classification. This was due to their close and almost similar 
morphological characteristic between each other (McKinnon and Phillipps, 1993). The 
taxonomic relationship of this group has been confusing and still not fully understood. Ordinal 
phylogenies only based on morphological characteristics and this had many deep polytomies 
within them because few derived morphological characteristics have been recognized that 
unite particular avian orders in sister-group relationships (Mindel et. al. , 1997). More than 
that, through morphological classification, phylogenies have shown little evolutionary 
differentiation and lack of taxonomic recognition (Avise, 1989). 
From the previous study done by McKinnon and Phillipps (1993), most babblers' species are 
related to the warblers. Sib'ley and Ahlquist (1982) used DNA-DNA hybridization techniques 
to compare various babblers and Old World warblers, besides a titmouse, a gnatcatcher, a 
kinglet and more distantly related birds. Sibley and Ahlquist (1982) showed their evidence that 
Old World warblers and babblers were of the same family. There were several attributes that 
have been recognized which divided this family into a number of subfamilies with relatively 
different habits: Subfamily Cinclosomatinae (Ground Babblers - one species), Subfamily 
Pellomeinae (Jungle Babblers - 15 species), Subfamily Pomatorhinae (Scimitar Babblers and 
Wr -Babblers - I I species), Subfamily Timaliinae (Tree-Babblers and Tit-Babblers - 16 
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species} and Subfamily Turdoidinae (Song Babblers - 14 species) (McKinnon and Phillipps, 
1993). 
Cibois et. al. (1999) has done a research on the molecular systematics of the Malagasy 
Babblers and Warblers. They also found that the phylogenetic relationships between these two 
families have long challenged the ornithologists. On their studies, they focused on three 
Malagasy genera which are currently assigned to the Timaliidae, Mystacornis, Oxylabes, and 
Neomixis and their relationships with other babblers and warblers using the sequences of two 
mitochondrial genes (cytochrome band 16S rRNA). Maximum parsimony analyses have 
shown that the Malagasy 'babblers' are not related to any of the other African and Asian 
babblers. The genus Mystacornis is neither a babbler nor a warbler. The other Malagasy 
'babblers' are members of warbler groups. 
Seutin and Bermingham (1997) did previous research on phylogenetic relationship of aves 
group using the cytochrome oxidase I (CO I). They were trying to solve the unclear systematic 
position of the avian species of Rosy thrush-tanager (Rhodinocichla rosea). This species has 
faced a problem in classification where recent opinions suggested that Rhodinocichla is either 
a mockin ird (family Mimidae) or a tanager (family Emberizidae). On the other hand, it 
could be an atypical member of the family. To make all the doubts clear, Seutin and 
Bermingham (1997) have sequenced approximately 600 bases of the mitochondrial COl gene 
of Rhodinocichla together with several mimids, tanagers and other passerines. Maximum 
likelihood (ML) was used to estimate the phylogeny of the sequences. In this method, the 
nu otides of all DNA sequences at each nucleotide site are considered separately, and the 
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log-likelihood of having these nucleotides was computed for a given topology by using a 
particular probability model. This log-likelihood is added for all nucleotide sites, and the sum 
of log-likelihood maximized to estimate the branch length of tre~. This procedure was 
repeated for all possible topologies, and the topology that shows the highest likelihood is 
chosen as the final one. Potentially, maximum likelihood is the most powerful and statistically 
reliable method of phylogenetic inference (Nei, 1991). Parsimony is used to evaluate 
likelihood quantitatively, which consists of determining the minimum number of genetic 
events (nucleotide substitutions or amino-acid changes) to infer the most parsimonious tree 
from a set of sequences. 
The research concluded that, Rhodinocichla belongs to the family Emberizidae (a tanager). 
Phenotypic characteristics that suggested its relationship with mimids were the product of 
convergent evolution but precisely its relationships within the Emberizidae could not be 
resolved. Short internal branches in ML and distance trees suggested that the radiation of that 
family was explosive. From the analysis of the evolutionary dynamics of avian mtDNA COl, 
it was suggested that the usefulness of COl for phylogenetic studies was most useful in 
intraspecific investigations while other data useful at interordinal level. 
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Materials and Methods 
Sample Collection 
Babblers were collected using the standard mist nets, which were set at the under storey level 
and open area on three separate field trips between August 2004 and December 2004. The 
mist-nets were set up in two different sites, namely lambusan (Bau District) and Maludam 
National Park (Sri Aman Division). Each captured bird was placed in a cloth bag, identified, 
ring and recorded. Identification of the babblers was based on Smythies (1981) and 
MacKinnon and Phillipps (1993). Ten samples representing five species collected in these two 
sites were shown in Table I. 







Chestnut-winged Babbler (Stachyris erythroptera) CWBI A4269 Jambusan, Bau 
Chestnut-winged Babbler (S erythroptera) CWB2 A4626 Jambusan, Bau 
Chestnut-winged Babbler (S erythroptera) CWB3 A4693 Jambusan, Bau 
Grey-headed Babbler (S poliocephala) GHBI BI457 Jambusan, Bau 
White-chested Babbler (Trichastoma rostratum) WCBI A4569 Maludam NP 
White-chested Babbler (T rostratum) WCB2 A4557 Maludam NP 
White-chested Babbler (T rostratum) WCB3 A4577 Maludam NP 
Striped-tit Babbler (Macronous gularis) STBI A4683 Jambusan, Bau 
Striped-tit Babbler (M gularis) STB2 A4689 Jambusan, Bau 
Fluffy-tit Backed-Babbler (M. ptilosus) FTBI A4574 Maludam NP 
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DNA Extraction 
Total genomic DNA was extracted from blood using the Genispin ™ DNA Kits (manufactured 
by BioSynTech, Subang Jaya), following the manual procedures provided in the kit. 
According to Baker (2000), DNA extraction was done to lyse the ceUs so that the proteins and 
other cellular components can be removed, then a pure form of DNA can be taken out. 
According to Sibley and Ahlquist (1995), extracting DNA from the red blood is the most 
convenient source. Blood, which is taken from the wing vein puncture of all these babblers 
captured, was collected through capillary tubes and then stored in cryogenic vials containing 
the anticoagulant (blood lyses buffer). The blood lyses buffer contains 10mM ethylene 
diamine tetra acetate (EDTA) (pH8), 10mM Tris-HCI, 20mM sodium chloride (NaCI) and 1% 
SDS, which were used to prevent the blood from clotting beside to lyses the cells or 
membranes. E DT A in the lyses buffer is very important to inhibit the activity of 
deoxyribonuclease which can degrade the DNA. The samples are kept at room temperature in 
the field and stored at the temperature of 4°C when the bloods are brought back to the 
laboratory . 
Gel Electrophoresis 
The quality and approximate yield of DNA was determined by electrophoresis of 3 ilL of 
genomic DNA mixed up with I ilL bromophenol loading dye together with the Low Range 
Ladder (GeneRuler™ , Fermentas) as a standard size marker on 1% agarose gel, 0.5g melted 
in 50mL Ix TAE buffer containing 0.4 ilL of ethidium bromide. The electrophoresis was run 
at qO V for 30 minute and the visualization done under ultraviolet (UV) radiation 
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transilluminator. Gel electrophoresis is one of the important steps in determining the presence 
and estimation the size of DNA. 
Polymerase Chain Reaction (PCR) 
Approximately 700 base pairs (bp) section ofmtDNA genome from cal region was amplified 
using standard polymerase chain reaction (PCR) procedures in a Biometra thermocycler 
machine. PCR is an enzymatic synthesis, which is used to amplify the number of copies of a 
specific region of DNA sequence. This involves a pair of oligonucleotide primers 
complementary to binding sites situated on either side of the target sequence. The combination 
ofCOl is shown in Table 2 (Palumbi et. at., 1991; Palumbi, 1996). 
Table 2. Sequences for forward and reverse of COI primers. 
COl Sequence Direction Sequence 
COI-f Forward '5- CCTGCAGGAGGAGGAGA YCC -3' 

COI-a Reverse '5- AGTATAAGCGTCTGGGTAGTC -3' 

COI-fis a forward (down-stream) primer, which is one of the most general primers for protein 
coding regions with small size and degeneracy. The initial companion to CO I-f is usually 
COI-a reverse (upper-stream) primer and used in initial low-stringency amplifications. 
Optimization ofPCR was done using a 25!J,1 reaction mixtures containing 2.0 !J,L of the DNA, 
sterilized deionized water, 0.2 !J,L Taq DNA polymerase, 2.5 !J,L lOX reaction buffer, 1.0 
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J1LdNTP (10 mM), 1.0 JlL magnesium chloride (25 mM) and 1.0 I!L of each primer (10 I!M). 
PCR amplification conditions were 2 min at 94°C for initial denaturation, 30 cycles for 1 min 
at 94°C for denaturation, I min at 56°C for annealing, I min at noc for extension and 5 min at 
noc for final extension. Denaturation causing the DNA strands to dissociate, annealing is to 
appropriate sequences to the template strands while the extension is to achieve optimal 
polymerase activity so that the annealed primers will be extend (Baker, 2000). Each cycle of 
PCR process takes about three minutes and there are 30 cycles to be completed. The PCR 
reaction mixtures used together with its parameter process were summarized in Table 3 and 
Table 4. The amplified products were visualized on 1% agarose gel containing ethidium 
bromide, run for approximately 30 min at 90 V and photographed under UV light using 
Polaroid camera. Low Range DNA Ladder (GeneRuler™ , Fermentas) used as a standard size 
marker. 
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Table 3. The PCR reaction mixtures. 
Reaction Mixtures 
Reagents 





Forward primer (COI-t) 

Reverse primer (COl-a) 























Table 4. The parameter of PCR process for 30 cycles. 
Parameter Temperature (Oe) Duration (mins) 
Initial Denaturation 94 2 
Denaturation 94 
Annealing 56 
Extension 72 2 
Final Extension 72 5 
18 

Purification of peR Products 
PCR products obtained were later purified using the Fermentas Purification Kit according to 
the manufacturer's instructions before sending to sequencing. Only PCR products that 
produced bright bands were purified. Purification of PCR products were done to make sure all 
the traces of contaminants and non-specific products such as the smears and primer-dimer 
formation in the PCR products will be eliminated. 
Purification process was done by mixing two tubes of 25 flL of PCR products to make the total 
of 50flL. The pe R products then mixed up with 150j.ll of binding solution (normally three 
times from the volume of PCR products) in a 1.5 mL microcentrifuge tube. 8flL of silica gel 
was added into each tube and then incubated 55°C for about 5-8 minutes. All tubes were quick 
spinned at 14000 rpm for 5-10 second, the supernatant was discarded and the 500flL of wash 
buffer was added. This procedure is repeated for three times to make sure that the pellet is 
completely suspended during washing steps. After the repeated steps, the pellets in the tubes 
were air-dried for about 5-10 minutes to ensure the pellet is absolutely dry. Pellet was 
dissolved with 35J.lL of sterile de-ionized water, and then incubated at 55°C for 5 minutes. The 
tubes were centrifuged again for two minutes and 25flL liquid, which is the cleaned 
purification product, was pipetted into a new microcentrifuge tube thoroughly to avoid mixing 
ith the pellet. The purification products were visualized under the UV light and then stored 




Purified PCR products were pelleted and air-dried before sending to a private sequencing 
laboratory. Only nine samples were sent for sequencing with a total of 25p.L of purified 
product per sample together with 5 uL of forward primer (Cal-f). 
Sequencing and Phylogenetic Analysis 
The fluorescence-based DNA sequence analysis results were displayed using the CHROMAS 
(Version 1.45) program (McCarthy, 1997). Besides the four actual nucleotides: Adenine (A), 
Cytosine (C) Guanine (G) and Thymine (T), there are a nucleotide designated as ' noise' (N). 
The N nucleotides replaced or corrected to the other respective nucleotides by choosing the 
best peak in the chromatogram. CLUST AL X program (version 1.81; Thompson et. aI. , 1997) 
was used for multiple sequence alignment for forward reactions of cytochrome oxidase I 
(COl) for babblers' species and it was aligned subsequently by eye. CLUSTAL X is easy to 
use and perform a good result in alignments and analyzing the multiple sequences. Molecular 
Evolutionary Genetics Analysis (MEGA) version 2.1 (Kumar et. al., 200 I) used to implement 
the construction of Neighbor-joining (NJ) and Maximum Parsimony (MP) tree. These trees 
were constructed using two types of data, namely genetic distance data for NJ tree and MP 
tree using the data with discrete character-states. The tree was constructed by considering the 
evolutionary relationships of DNA sequences at each character or nucleotide position (Nei, 
1991). MEGA program was also utilized to examine other relevant analysis such as the pair­
wise distance matrix, which will represent the estimation of genetic distance among the 
babbler species. It is calculated using the Kimura's two-parameter model (1980). Neighbor­
ing tree produced an unrooted tree and therefore it needed the outgroup taxon to be a root. 
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